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TESTING THE USEFULNESS OF ERTSl  IMPGERY FOR INVENTORYING 
WILDLAND RESOURCES I N  NORTHERN CALIFORNIA 
Donald T. Lauer and Paul F. Krumpe, Forestry Remote Sensing Laboratory, University 
of Caiifornis, Berkeley, California 94720 
The Forestry Remote Sensing Laboratory a t  the Univers i ty  o f  Ca l i f -  
orn ia  i s  i n  the process o f  tes t ing the usefulness o f  ERTS-I imagery f o r  
inventorying wi ld land resources I n  northern Ca l i fo rn ia ,  Studies are 
being conducted i n  two large v i ld land  areas, namely, the Feather River 
Watershed and the Northern Coastal Zone. 
The 2.5 mi l l ion-acre Feather River headwaters area i n  northern Cal- 
i f o rn ia  i s  the keystone watershed f o r  t . !  Cal i forn ia  Water Project, one 
o f  the most extensive and ambitious watt resource de~e lopme~~ts  ever 
attempted. Consequently, accurate and t imely information on the t Yc 
qua1 i t y  and d i s t r i bu t i on  o f  timber, forage, vater  and recreat ioqc 
resources i s  o f  imnediate importance t o  each pub1 i c  agency and . - r  2 
group managing t h i s  vast, but  inaccessible, wi ld land area. 
Likewise, the Northern Coastal Zone (ions i s t  i ng o f  the counties o f  
Marin, Sonoma, ~endic ' ino,  Humbol t and Del Norte) i s  r e l a t i ve l y  rura l ,  
w i  t h  an economy based on agr icul ture,  t imber, c o m r c i s l  f 1 shirio and 
tourism. However, i t  i s  expected that  Intensive resource use resu l t i ng  
from increasing population w i l l  soon become a serious problem unless wise 
land use planning i s  undertaken. Thus, t h i s  coastal region i s  par t icu-  
l a r l y  wel l  sui ted t o  invest igat ions o f  the ways i n  which ERTS-I imagery 
and other supporting data may be used i n  conducting land use evaluations. 
OBJECTIVES 
Research being performed w i t h i n  wi ld land areas i n  northern Ca l i f -  
orn ia  stresses both the appl i ca t  10~1s o f  ERTS-I imagery and the benef i ts 
derived from these a ~ ~ l i c a t i o n s .  Speci f ic  obJectlves are t o  ( l m t e  
the feaslbi  11 t y  o f  d p p i n g  vegetatlbn/terrain-resources wi th  th6 a i d  o f  
ERTS-1 imagery, (2) evaluate the cost /e f fec t  iveness o f  resource mapping 
using various types o f  data, including ERTS-I and a i r c r a f t  imagery, (3) 
develop su i tab le  aids f o r  t r a i n i ng  Image In terpreters  (4) t es t  quantl ta-  
t i v e l y  selected ERTS-1 lmnges f o r  deta i lad  w1 ld land resource Informat lon, 
(5) compare -- i n  terms oi accuracy o f  boundary placement, accuracy o f  
type I den t l f  i ca t lon  and degree o f  Interpreta+lon e f f  lciency -- information 
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derived from ERTS-1 imagery w i t h  tha t  derived from conventional and/or 
h igh f l igh t  photography, (6)  compare ERTS-I and high f i i ght in terpre ta-  
t i o n  resu l ts  w i t h  e x i s t i n g  regions1 mapping c a p a b i l i t i e s  tha t  employ con- 
ventional techniques, and (7)  evaluate the i n te rp re tab i  l i t y  o f  mui t iband- 
mul t idate ERTS-I image co lor  composites. 
Several types of co lor  c. posi t e  intagery are being analyzed, inc lud- 
ing those made by diazo overlay, o p t i c a l  p ro jec t ion ,  d i r e c t  photo repro- 
duction (mu l t i p le  expost~re), and e lec t ron i c  d isp lay  ( d i r e c t  from ERTS-I 
d i g i t a l  tapes). Emphasis i n  the resu l t s  reported below has been placed 
on documenting leve is  o f  accuracy, ree of t imel iness,  and costs asso- 
c ia ted w i th  u t i l i z i n g  ERTS-1 image r inventory ing w i  ld land vegetat !on/ 
-
t e r r a i n  resources. 
SIGNIFICANT RESULTS 
I t  i s  we1 1 understood tha t  possib ly the most useful  cha rac te r i s t i c  
of the ERTS-i system i s  i t s  abi 1 i ty  t o  acqui r e  data f o r  the same po in t  on 
the ear th  on a r e p e t i t i v e  cycle. A t  the t i n e  o f  preparing t h i s  paper, 
most invest iga tors  have had l i t t l e  opportuni ty  t o  study ERTS-I data Laken 
s ~ q u e n t  ia:  l y  o f  the same area. However, our p r e l  iminary research resu l t s  
derived p r i m a r i l y  from ERTS-1 data procured dur ing  the f i r s t  few o r h i t a l  
passes made l a s t  July, are extremely encouvaging. 
S i g n i f i c a n t  conclusions resu! t i n g  from work dor,p, w i t h i n  the Feather 
River Watershed reqion are summarized below: 
1. Numerous user agency groups have been i dent i f 1 ed wh i ch are 
keen 1 y  in teres ted i n  the E.RTS- 1 i nves t iga t ions  being conducted i n  northern 
Cal i fornia.  For each o f  these agencies. resource management specia l  i s t s  
have been contacted b FRSL and avenues o f  c h u n i c a t i o n  and 
Intershang-tab1 ished (see Figure I ) .  
2. Regional ana lys is  o f  over t h i  r t y  important wi  ld land resource 
features w i t h i n  the Feather River Watershed, as seen on ERTS-I imagery, 
have resu l ted  i n  the development o f  a fe i rs ib i  i l t y  tab le  which ind ica tes  
the general degree o f  fea ture  detection and iden t i f i ca t i on .  
3. A pro jec ted cost r a t i o  o f  7 t o  1 was ca lcu la ted f o r  in terpre ta-  
t i o n  o f  h igh  f 1 i g h t  photograohy versus ERTS-I imagery, respect ive ly  (see 
Figure 2). 
4. An image i n t e r p r e t a t i o n  key t o  19 resource features occur r ing  
wi t h i n  the Davl s  Lake in tens ive  study area was developed. 
5. A q u a n t i t a t i v e  image i n t e r p r e t a t i o n  t e s t  o f  ERTS-1 imagery showed 
tha t  w i t h i n  the Davis Lake study area spec i f i c  r :our- type i d e n t l f i c a -  
tlon could be done a t  a l e v e l  o f  accuracy o f  and b r o ~ d  resource 
type i d e n t l f  l c a t l o n  a t  10  percent (see 
6 .  The Forestry Remote Sensing Laboratory automatic data processing 
hardware and sottware systems are now operating e f f i c i e n t l y ,  and ERTS-I 
d i g i t a l  magnetic tape data can be displayed on a color TV monitor, and 
CALSCAN and RECLASS c l ass i f i ca t i on  procedures can be applied. 
7. V i t h i n  the Bucks Lake study area, boundaries between contrast ing 
forest  types were properly mapped by image i n t e r p r e t a t i w  on ERTS-I 
imagery and =ubt le  boundaries between less ccnt r rs t ing types (and, there- 
fore, t ' ie less important boundaries) were the ones which were most o f ten 
misplaced (see Figure 4).  
f j .  The ERTS-I imagery yielded less detai led information --han con- 
ventional ae r ia l  photographs a t  the Bucks Lake study area, but the image 
interpretat ior .  was done much more cheaply (e.g., type del ineat ions were 
drawn nearly 20 times faster  on the ERTS-I image than on black-and-white 
photographs, scale 1:  15,840). (See Figure 5,) 
9. A quant i ta t ive in terpreta t ion rest was performed on several 
s ing le  observation ERTS-I color composite images and one s ing le  band (#5) 
image. I n  no case were in terpreta t ion resu l ts  derived from one image 
type s ign i f i can t l y  d i f fe ren t  than from those derived from another f o r  the 
three vegetation types i den t i f i ed  (conifers, brush and dry s i t e  hard- 
woods ). 
10. I n i t i a l  vege ta t iod te r ra in  type computerized c l ass i f i ca t i on  
resu l ts  w i th in  the Bucks Lake study area using CALSCAN showed that  three 
out o f  s i x  types are r e l i ab l y  separzted; these types were meadows, brush 
f i e l d s  and barren areas. 
Likewise, s ign i f i can t  conclusions resu! ~ i n g  from the work done w i th in  
the Northern Coastal Zone Test S i t e  are sumnarized below: 
1. Contacts were made arid inter views conducted wi t h  envi ronmental 
planners throughout the north coast counties o f  Cal i forn ia ,  resu l t i ng  i n  
the de f t n i t i on  o f  parameters which are important f o r  determining the 
potent ia l  o f  an area i n  terms of land use. 
2. U!thin the southern por t ion o f  the Northern Coastal Zone Test 
Site, %mapping un i t s  were delineated by image in terpreta t ion on an 
ERTS-I co lor  composite image. However, when working w i t h  only s ingle- 
date ERTS-1 imagery, an in terpreter  cobld consistent ly i den t i f y  only five 
mappirlg u n i t  categories. 
3. A quant i ta t ive image in terpreta t ion tes t  was performed w i th in  
the Sen Pablo Reservoir study area using 300 ground contro: led points. 
D i f fe ren t ia t ion  on ERTS-1 imagery between various typey o f  woody vegeta- 
t i o n  (I.e., Monterey pine, mixed hardwoods, eucalyptus, 3-d chaparral) 
was d i f f i c u l t  -- Monterey pine was i den t i f i ed  co r rec t l y  78 percent o f  the 
time, but a l !  other types were ident:f;ed cor rect ly  less than 50 percent 
o f  the time. 
4. The quant i ta t ive image in terpreta t ion tes t  performed a t  the San 
Pablo Reservoir area, however, showed that a s k i l l e d  image analyst could 
iden t i f y  woody vegetation, versus everything else, w i t h  bet ter  then - 86 
percent accuracy. 
5 .  The perimeter arouod a large burned area and damage levels 
w i th in  the perimeter were mapped on ERTS-I imagery taken over the Pocket 
Gulch f i r e  ten days a f t e r  suppression. The burned area was accurately 
mapped on the ERTS-1 image as 1'3,340 acres whi le Cal i forn ia  D i v i s ~ o n  o f  
Forestry personnel sstimated the burned area a t  10,340 acres (see Figure 
6 ) .  Low a l t i t u d e  obl  ique photography indicated that the estimate 
obtained from the ERTS-I imagery i s  accurate. 
6. The costs associated w i t h  mapping burned arezs us my conventional 
methods are 10 times greater than by using the ERTS-I image. 
CONCLUSIONS 
In  sumnary, i t  i s  much too ear ly  t o  reach d e f i n i t i v e  conclusions 
regarding the f e a s i b i l i t y  o f  using ERTS-1 f o r  detecting, inventorying 
and monitoring wi ld land resource features and condit ions i n  northern 
Cal i fo rn ia .  Hcwever, the p re l  iminary resu l ts  reported upon above have 
been surpr is ing ly  good. There appears t o  be every ind icat ion that many 
kinds c f  regional resource information can be obtained more quickly, more 
re l i ab l y  and a t  lower costs through the use o f  ERTS-I imagery i n  compar- 
- .  
ison to-conventional data gathering techniques. LikewFse, intensive. area 
resource information, such as forest  land c lass i f i ca t ion .  maior v e ~ e t a t i o n  
. - 
type iden t i f i ca t ion  and post f i r e  maps, can be eas i l y  and accurateiy 
obtained from ERTS-1 imagery by applying manual and/or automatic data 
ext ract ion techniques which are cur rent ly  operational. It must be 
remembered that ( I )  most o f  the case studies reported upon herein were 
done wi th  the a i d  of the very f i r s t  ERTS-I images, taken i n  July over 
Cal i fornia,  and (2) the unique character is t ics  o f  ERTS-I l i e  i n  i t s  
synoptic view, sequential capabi l i t ies .  Consequently one can expect that  
as ERTS-I continues t o  procure high qua1 i t y  imagery on an 18-day cycle, 
the r e l a t i ve l y  high accuracy and l o w  cost f igures associated w i th  each 
study done t o  date w i l l  be improved -- and resu l ts  derived from other 
experiments cur rent ly  i n  progress w i l l  be equally as impressive. 
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Figure 1. Cooperating user agency personnel who have shown a keen in te r -  
e s t  I n  the ERTS-1 experiments beinq conducted w i  t h i n  w i  ldland areas I n  
northern t a l i  fornia. 
1 0 1 9  COST/ACIC 
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Figure 2. ProJected t l m t  and costs associated w i t h  mapplng vegetation/ 
te r ra in  resources throughout the ant1 r e  2.5 mi 11 Ion-acre Feather Rlver 
Watershed uslng high f l  lgh t  photographs o r  ERTS-1 Imagery. 
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F i  gure 4. Forest land s t  r a t  i f i cation boundaries made from 78 convent i onal 
black-and-whi t e  photographs, or ig inal  scale 1 : 15,840, a t  the top and a 
small portion o f  an ERTS-I image, or ig inal  scale i:1,000,000 a t  the bottom. 
Figure 5. Tlm and costs associated wl th  mapping vegetatlon/terrain 
resources w i th in  the 50,000 acre lucks Lake study area using conventtonal 
b lack-and-wht t e  photographs, high f 1 lght  photographs and an ERTS- I image. 
Flgure 6. A pertlon of m ERTS-I HSS band 7 image showlng the Pocket 
Gulch burn I s  on, the l e f t .  The Calffornle Olvlsion o f  Forestry mep of 
the burn I s  In  the mlddlc. (ast?msred acreage - 10,340). A map &rived 
from the ERTS-1 Image f s  on the r fght  (estlmtttsd acreage - 13,340), 
